In silico investigations of potential anabolic treatments in multiple myeloma-induced bone disease.
No anabolic drugs are currently approved to treat multiple myeloma (MM)-induced bone disease and the anti-MM agent bortezomib exhibits the anabolic effects in the clinic. In this study, we focus on investigating potential anabolic treatments of MM-induced bone disease using our previously proposed MM-bone model, with the goal for clarifying the underlying molecular/cellular mechanisms. Firstly, a variety of virtual drug treatments are explored by the parametric study to clarify the anabolic-related molecular/cellular mechanisms. The real drug (i.e., bortezomib) treatments are further examined by developing an integrated model with bortezomib to validate the clarified anabolic-related molecular/cellular mechanisms. The simulated responses to the bortezomib treatments that are validated by the clinical data are consistent with the simulated responses to the virtual drug treatments. Our study clarifies that the anabolic effects in the treatment of MM-induced bone disease are associated with promoting the differentiation of bone marrow stromal cells (BMSC) and inhibiting the apoptosis of active osteoblasts, while promoting the differentiation of osteoblast precursors is instead suggested to be associated with the anti-catabolic effects. Compared with the individual anabolic therapies, the anabolic therapies that promote the differentiation of BMSC in combination with the anti-MM/anti-catabolic therapies are found to induce a greater increase in the bone volume, while the anabolic therapies that inhibit the apoptosis of active osteoblasts in combination with the anti-MM/anti-catabolic therapies induce a lower increase in the bone volume. The simulations also suggest that the direct inhibition of bortezomib on the osteoclast activity is probably a redundant mechanism.